Pyrrolizidine Alkaloids from Lithospermum canescens Lehm.

Helmut Wiedenfeld®”, Agnieszka Pietrosiuk®, Miroslava Furmanowa®, and

Erhard Roeder?

2 Pharmazeutisches Institut der Universitdt, An der Immenburg 4, D-53121 Bonn. F. R. G.
Fax: +49-2287360317. E-mail: wiedenfeld@uni-bonn.de
® Department of Biology and Pharmaceutical Botany, Medical University of Warsaw,

Banacha Str. 1, 02-097 Warsaw, Poland

* Author for correspondence and reprint requests

Z. Naturforsch. 58¢, 173-176 (2003); received October 15/November 12, 2002

Seven pyrrolizidine alkaloids (PAs) have been isolated from Lithospermum canescens and
their structures determined by spectroscopical methods. Besides the known lycopsamine, O7-
acetyl-lycopsamine and O”-acetylintermedine four new PAs were found. Their structures are
O7-(3-hydroxy-3-methyl-butanoyl)-O?-(+)-trachelanthoyl-heliotridine (= O7-(3-hydroxy-3-
methyl-butanoyl)-rinderine = canescine), O7-(3-hydroxy-3-methyl-butanoyl)-O°-(-)-viri-

difloryl-heliotridine (= O7-(3-hydroxy-3-methyl-butanoyl)-echinatine =

canescenine) and

their O'3-acetyl-derivatives (= acetylcanescine; acetylcanescenine).
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Introduction

Lithospermum canescens Lehm., Boraginaceae
(native American name: “hoary puccoon”) grows
in open prairies in northern USA and southern
Canada. Because it contains pigments of the shi-
konin-type (Wiedenfeld et al., 1998) it is used as a
body dye by native people (Densmore, 1928).

As L. canescens belongs to the Boraginaceae
family the presence of pyrrolizidine alkaloids (PAs)
could be expected.

Based on structural aspects (double-bond in po-
sition 1,2; esterification at both necic OH-func-
tions) PAs can show toxic effects. Toxicity occurs
not only after oral administration but also after per-
cutaneous absorption although to a smaller extent
than by ingestion (Brauchli et al., 1982). Thus, ac-
cording to the German Federal Health Bureau reg-
ulations the sale of PA containing products for ex-
ternal use is restricted in Germany to a daily dose
of 100 ug and a maximum use of six weeks per year
(Bekanntmachung, 1992). Aerial parts of L. canes-
cens were therefore investigated. Seven PAs were
isolated and their structures determined by GC-
mass spectroscopy and homo- as well as hetero-
nuclear 2D-NMR correlated spectroscopy. Four of
them have not been described previously. The
known alkaloids belong to the retronecine-type and
are O%-(-)-viridifloryl-retronecine (= lycopsami-
ne), its O7-acetylderivative (= acetyllycopsamine)

and O7-acetyl-O?-(+)-trachelanthoyl-retronecine (=
acetylintermedine), The new PA show the structures
of  O7-(3-hydroxy-3-methyl-butanoyl)-O?-(+)-tra-
chelanthoyl-heliotridine (= O’-(3-hydroxy-3-methyl-
butanoyl)-rinderine), O7-(3-hydroxy-3-methyl-buta-
noyl)-O?-(-)-viridifloryl-heliotridine (= O7-(3-hy-
droxy-3-methyl-butanoyl)-echinatine), O’3-acetyl-
O7-(3-hydroxy-3-methyl-butanoyl)-O-(+)-trache-
lanthoyl-heliotridine, ~ O’3-acetyl-O7-(3-hydroxy-3-
methyl-butanoyl)-O?-(-)-viridifloryl-heliotridine.

Based on structure-toxicity relationships (Wie-
denfeld and Roeder, 1984) toxic side effects must
be expected for all substances found.

Results and Discussion

Aerial parts of L. canescens were extracted as
previously described (Roeder and Wiedenfeld,
1977; Wiedenfeld and Roeder, 1979). From the
crude alkaloidal extract 1-7 were isolated (Fig. 1).

The GC-MS spectrum of 1 shows the [M]"-peak
at 299 indicating the fomula C;5sH,sNOs. Those of
2 and 3 show [M]*-Peaks at 341 corresponding to
the formulas C;;H,7;NOg. The further MS frag-
mentation and also the NMR data of 1-3 are as
described earlier (Wiedenfeld and Roeder, 1991;
Roeder et al., 1982; Kelley and Seiber, 1992; Roit-
man, 1983).

The [M]*-Peak in the GC-MS spectrum of 4 and
6 occurs at 399 indicating the molecular formulas
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Fig. 1: Structures of the isolated Pas: Lycopsamine (1), O7-acetyl-lycopsamine (2), O7-acetylintermedine (3), O7-

(3-hydroxy-3-methyl-butanoyl)-O°-(+)-trachelanthoyl-heliotridine =

canescine (4), O7-(3-hydroxy-3-methyl-buta-

noyl)-O°-(-)-viridifloryl-heliotridine = canes-cenine (6), O’3-acetylcanescine (5), O’3-acetylcanescenine (7).

Cy0H33NO,. Loss of CH; leads to mi/z 384. The
ions m/z 355 and 338 result from [M]*-C,H,O and
further loss of OH. The cleavage of the ester func-
tion at O-9 leads to m/z 256 and m/z 238. The
decay of the O7-acid is demonstrared by an ion at
m/z 220 (loss of OH at C-21), m/z 180 (loss of
C53H,0) and cleavage of the ester function to m/z
136. The fragments m/z 136, 120, 93 and 80 are typi-
cal for retronecine or its isomer heliotridine. The ms
spectra of 5 and 7 show the [M]*-Peaks at 441 corre-
sponding to the formulas C,,H35NOg. After loss of
an acetyl function (indicated by m/z 441-426-398)
the further fragmentations are similar to those of 4
and 6; they differ only in intensities.

The 'H- and *C-NMR-data of 4-7 are summa-
rized in the Experimental part. The assignment
was performed by interpretation of H,H- and C,H-
correlated spectra. Important structural informa-
tion is provided by the '3C chemical shifts of C-6
(~ 34 ppm), C-7 (~ 74 ppm) and C-8 (~ 75 ppm)
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(Jones et al., 1982; Mohanraj and Herz, 1982; Wie-
denfeld and Roeder, 1991). These signals establish
4-17 as diesters of heliotridine. This is further con-
firmed by the 'H and '3C shift for C-9: ~ 4,7/
62ppm as well as by the 'H data for C-7:
~ 5.4 ppm. The esterifying acid at O-7 is identical
for all 4 PA and is characterised by the values for
the methylene group C-20 (2.5 and 47 ppm), C-21
(69 ppm) and the methyl groups 22/23 (1.3 and
~ 29 ppm). These data proof the structure of a 3-
hydroxy-3-methyl-butanoic ester. The NMR data
for the O-9 acid in 6 are the same as in 1 leading
to the structure of a (-)-viridiflorylester. 4 shows
differences in the data for H-13 (4.07 instead of
3.89 ppm) and for C-16 and C-17 (17.8 and 14.2
instead of 17.2 and 17.1 ppm). The stereochemistry
at C-12 can be deduced by interpretation of the
shift difference of the C-9H, AB-system (Mohan-
raj and Herz, 1982; Wiedenfeld and Roeder, 1991).
For this aspect values from 0-0.2 ppm indicate an
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S-configuration while higher values indicate R-
configuration. The configuration at C-13 is shown
by the H-13 and C-13 data as well as by the shift
differences of the C-NMR data for the methyl
groups C-16/C-17 (Wiedenfeld and Roeder, 1991).
Thus, the values for C-13 (4.07 and 69.5 ppm in-
stead of 3.89 and 71.1 ppm) and C-16/C-17 (AHz =
3.6 instead of 0.1 ppm) give evidence for a C-1285
and a 13R configuration (= (+)-trachelanthic acid).
The data for 5 and 7 differ from those in 4 and 6
only in a downfield shifting of H-13 and C-13
(~5.2 and ~ 74 ppm) and the additional data for
an acetyl group (~ 2.0 and ~ 21 ppm for CH; and
170 ppm for C = O) which confirm the structures
as O-13-acetyl-(+)-trachelanthic and a O-13-ace-
tyl-(-)-vridifloric acid, repectively. These data
proof the structures of O7-(3-hydroxy-3-methyl-
butanoyl)-O?-(+)-trachelanthoyl-heliotridine (=
O7-(3-hydroxy-3-methyl-butanoyl)-rinderine) (4),
O’-(3-hydroxy-3-methyl-butanoyl)-O°-( - )-viridi-
floryl-heliotridine (= O7-(3-hydroxy-3-methyl-bu-
tanoyl)-echinatine) (6), O’3-acetyl-O7-(3-hydroxy-
3-methyl-butanoyl)-O°-(+)-trachelanthoyl-heliotri-
dine (5), O*3-acetyl-O”-(3-hydroxy-3-methyl-buta-
noyl)-O?-(-)-viridifloryl-heliotridine (7).

For the new PAs we propose the names canes-
cine (4), canescenine (6), acetylcanescine (5) and
acetylcanescenine (7).

All isolated PAs are expected to produce toxic
side effects. The PA content (GC) was about
0.02% (dry weight). Therefore, based on the Ger-
man regulations for external use of preparations
from PAs containing plants, application of more
than 0.5 g dried plant material per day may expose
the user to a health risk.

Experimental
General

NMR-spectra (Bruker AC 400) were measured
in CDCl3/Dg-DMSO at 400 and 100 MHz, respec-
tively. GC-MS: GC: 150° (5 min.) — 250 °C, 10°/
min; HP-1, 25m x 0.32 mm; Inj.: 250 °C, det.:
280 °C; Rz 1: 12.67 min, 2: 13.49 min, 3: 13.88 min,
4:16.79 min, 5:17.51 min, 6: 16.92 min, 7: 18.14 min;
MS: 220 °C; interface: 250 °C; 2000 em V.
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Plant material

Plants were collected in July 2000 at Parkland
Bot, Togo, Saskatchewan, Canada. A voucher
specimen is deposited at the Department of Biol-
ogy and Pharmaceutical Botany, Medical Univer-
sity of Warsaw, Poland.

Extraction and isolation

Extn. of plant material (aerial parts; 500 g) was
carried out as described earlier (Roeder and
Wiedenfeld, 1977; Wiedenfeld and Roeder, 1979).
Prep. TLC [silica gel F,s4, CH,Cl,-MeOH-
NH,OH (25%), 75:24:1 v/v/v] yielded the alkaloids
as oils (6mg 1, Smg of 2 and 3, 8mg 5 and 7,
10 mg 4, 1 mg 6).

Canescine (4)

GC-MS m/z (%): [M]* CaoHssNO; 399 (0.41);
CioH3oNO; 384 (4.10); CigHagNOg 355 (0.82):
CsHoNOs 338 (0.25); CpsHo,oNO, 256 (9.84):
C13HooNO; 238 (66.0); Ci3H;gNO, 220 (21.4);
CgHyoN 120 (100); CeH,N 93 (64.7); CsHeN 80
(20.1). 'H NMR: & (ppm): 5.83 (d, /o3, = 1.6 Hz,
1H, H-2), 5.38 (ddd, J,5 = 1.9 Hz, J; s = 1.8; 1.6 Hz,
1H, H-7), 4.79 (dd, Joa op = 13.9 Hz, Jo, s = 9.1 Hz,
1H, H-9A), 4.67 (dd, Jop.00 = 13.9 Hz, Jog = 6.2 Hz,
1H, H-9B), 435 (m, 1H, H-8), 4.07 (q, J13.4 =
6.4 Hz, 1H, H-13), 3.95 (ddd, Js,5, = 11.4 Hz,
Jsas = 32Hz, Js, = 1.6Hz, 1H, H-3A), 338
(dddd, J3b,3a = 114, ng)g = 32, J3b,Sa =20 HZ,
T3z = 1.6 Hz, 1H, H-3B), 3.33 (dm, Js, 5, = 10.7,
1H, H-5A), 2.98 (30H), 2.65 (ddd, Jsp5, = 10.7,
Jsve = 7.8, Jso = 1.8 Hz, 1H, H-5B), 2.45 (s, 2H,
H,-20), 2.09 (dm, J¢ 5, = 10.7, 2H, H»-6), 2.00 (qq,
Jisa617 = 6.8 Hz, 1H, H-15), 1.26 (s, 6H, H3-22/23),
119 (d, Jy413 = 6.4 Hz, 3H, Hj-14), 0.94 (d, J 1615 =
6.8 Hz, 3H, Hs-16), 091 (d, J,7,5 = 6.8 Hz, 3H,
H,-17), 3C NMR: & (ppm): 175.1 (C-11), 171.7
(C-19), 133.0 (C-1), 127.5 (C-2), 83.4 (C-12), 75.4
(C-8), 74.4 (C-7), 69.5 (C-13), 69.1 (C-21), 62.6
(C-3), 62.3 (C9), 53.6 (C-5), 46.9 (C-20), 34.4
(C-6), 33.1 (C-15), 29.4 (C-22), 29.2 (C-23), 17.2
(C-14), 17.2 (C-16), 17.1 (C-17).

Canescenine (6)

GC-MS m/z (%): [M]* CaH3sNO, 399 (0.10);
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CgH>7NOs 338 (0.26); C3HygNOy4 256 (9.59);
C3Hy0NO3 238 (67.5); Ci3H sNO, 220 (20.6);
CioH 4 NO, 180 (14.7); CgH;o(NO 136 (45.1);
CgH (N 120 (100); CsH;N 93 (61.6); CsHgN 80
(20.2). 'H NMR: 6 (ppm): 4.74 (dd, Jo,op =
129 Hz, Jo,s = 6.2Hz, 1H, H-9A), 4.73 (dd,
Jovoa = 129 Hz, Jog = 6.4 Hz, 1H, H-9B), 3.89 (q,
Ji3.14 = 6.6 Hz, 1H, H-13), >*C NMR: 6 (ppm): 71,1
(C-13), 16.0 (C-14), 17.8 (C-16), 14.2 (C-17). Fur-
ther data are similar to 4.

Acetylcanescine (5)

GC-MS m/z (%): [M]* CorHisNOg 441 (0.73);
CyyHyuNOg 426 (2.60); CisHosNOg 355 (2.36);
C13H19NO4 255 (626), C13H20NO3 238 (624),
C13H18N02 220 (183), C10H14N02 180 (389),
(73.9); CsHgN 80 (19.9). 'H NMR: 6 (ppm): 5.21
(q, J15.14= 6.4 Hz, 1H, H-13), 2.00 (s, 3H, H;-25),
13C NMR: 6 (ppm): 170.4 (C-24), 72.4 (C-13), 21.2
(C-25). Further data are similar to 4.
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